Since the original reports of electroporation of African trypanosomes (1,2), both transient and stable transfection of procyclic Trypanosoma brucei have now become routine. However, transfection of bloodstream-form parasites still remains technically difficult. Originally, bloodstream-form transfectants were obtained by first transfecting the procyclic form, then passing the procyclic form through the tsetse fly vector (3). Other techniques relied on parasite amplification in mammals, or involved the use of agarose plate cloning (4). The efficiency of these methods has remained generally low, and the results are somewhat unpredictable. Here we present a high efficiency method for stable transfection that involves no use of animals, nor of agarose plates. Our method is simple, direct and efficient.
. Outline of the vector constructs and homologous recombination strategy for stable transfection of bloodstream-form T.brucei. The scheme shows the ODC gene locus and the plasmid constructs p31 and p409. In these antibiotic resistant gene cassettes the hygromycin-B-phosphotransferase (Hph) gene, or the phleomycin-resistance (Phleo) gene is flanked by the PARP splice acceptor site (s) and the βα-tubulin intergenic region polyadenylation sequences (i) (8) . Targeting sequences as indicated are the 5′ 0.9 kb SacI-SacII fragment and the 3′ 2 kb SacII-SacI ODC locus genomic fragments (7) . The arrows indicate the direction of an unidentified promoter driving the ODC gene and the antibiotic resistance genes after integration into the chromosome. Indianapolis, IN) or 0.5 µg/ml phleomycin (Centre Commercial de Gros, Toulouse, France). Additional fresh selection medium (0.5 ml each time) should be added to the wells once or twice during the selection whenever the cell density reached to 1-5 × 10 6 After 7-10 days incubation, antibiotic-resistant cell lines (often 'clonal' populations with the number of cells placed in each well) were ready to amplify and characterize via Southern analysis. In trypanosomes most stable integration is by homologous recombination, so virtually all resistant cell lines contained the targeted integrations.
We tested this method using constructs p31 and p409 (Fig. 1 ). Both constructs were targeted to the ornithine decarboxylase (ODC) gene locus (7), and were designed to replace the ODC gene with a resistant marker [p31, Hph; p409, Phleo gene cassette (8,9)] using 5′ 0.9 kb and 3′ 2 kb fragments from that locus for homologous recombination. The transfection efficiency for the two constructs was ∼2 × 10 -6 of cells that survived the electroporation, or about 2 × l0 -7 of the initial input cells. All the transfectants analyzed by Southern blots (data not shown) in this experiment had the expected chromosome integrations by the plasmid constructs. In the same experiments, we attempted to obtain transfectants directly from the 5 ml cultures placed under selection in flasks, but were completely unsuccessful. Even when the cultures were layered thinly in oversized flasks, no transfectants were seen. This result could account for much of the difficulty with previous methods using flasks.
In summary, the following points were critical to the success of bloodstream-form stable transfection: (i) the condition of the trypanosome cultures prior to electroporation must be optimal. In practice, this means a rapidly proliferating culture grows to the density between 1 × 10 6 and 5 × 10 6 /ml in flasks containing only small amounts of media. In a large medium volume, even fresh medium can not support vigorous growth (data not shown); (ii) it was essential to aliquot all the cells into 24 well plates or to divide them into small medium volume (favorably <2 ml) in flasks for selection, because larger medium volumes severely reduced the transfection efficiency; and (iii) it was essential to add fresh selection media to the wells during the selection process to alleviate the effects of growth inhibitors (10) , present in old media, and the consumption of nutrients. Without fresh media, the cells reproducibly died within 2-3 days. Surprisingly, neither the amount of transfected plasmid DNA, nor the voltages (within the voltage range of 1-1.2 kV) were important parameters for the generation of stable transfectants.
